The AID antibody diversification enzyme is regulated by protein kinase A phosphorylation.
Antibodies, which are produced by B-lineage cells, consist of immunoglobulin heavy (IgH) and light (IgL) chains that have amino-terminal variable regions and carboxy-terminal constant regions. In response to antigens, B cells undergo two types of genomic alterations to increase antibody diversity. Affinity for antigen can be increased by introduction of point mutations into IgH and IgL variable regions by somatic hypermutation. In addition, antibody effector functions can be altered by changing the expressed IgH constant region exons through IgH class switch recombination (CSR). Somatic hypermutation and CSR both require the B-cell-specific activation-induced cytidine deaminase protein (AID), which initiates these reactions through its single-stranded (ss)DNA-specific cytidine deaminase activity. In biochemical assays, replication protein A (RPA), a ssDNA-binding protein, associates with phosphorylated AID from activated B cells and enhances AID activity on transcribed double-stranded (ds)DNA containing somatic hypermutation or CSR target sequences. This AID-RPA association, which requires phosphorylation, may provide a mechanism for allowing AID to access dsDNA targets in activated B cells. Here we show that AID from B cells is phosphorylated on a consensus protein kinase A (PKA) site and that PKA is the physiological AID kinase. Thus, AID from non-lymphoid cells can be functionally phosphorylated by recombinant PKA to allow interaction with RPA and promote deamination of transcribed dsDNA substrates. Moreover, mutation of the major PKA phosphorylation site of AID preserves ssDNA deamination activity, but markedly reduces RPA-dependent dsDNA deamination activity and severely impairs the ability of AID to effect CSR in vivo. We conclude that PKA has a critical role in post-translational regulation of AID activity in B cells.